Abstract 63
Introduction 130
Miscarriage affects approximately 20% of pregnancies (Regan and Rai, 2000) and, in 131 some regions including England and Wales as many as a further 20% of pregnancies 132 undergo termination (Department of Health). Pregnancy loss can have significant 133 psychological implications for a couple and can impact adversely on relationships 134 (Johnson and Baker, 2004 , Kashanian, et al., 2006 , Kong, et al., 2010 , Lok, et al., 135 2010 . Depression, anxiety and grief are important consequences of miscarriage (Lok 136 and Neugebauer, 2007, Nakano, et al., 2013) . Women who have experienced 137 a miscarriage have been shown to experience subsequent mental distress while 138 women who have undergone termination of pregnancy have been shown to have 139 feelings of guilt, shame and anxiety up to five years after the termination (Broen, et 140 al., 2004 , Broen, et al., 2005 . Factors influencing the development of subsequent 141 anxiety and depression include recent life events and a history of previous psychiatric 142 illness (Broen, et al., 2006) . Some studies suggest that women with a history of 143 miscarriage suffer more from pregnancy-specific anxieties in the first trimester of a 144 new pregnancy than pregnant women with no history of miscarriages (Bergner, et al., 145 2008) while other studies suggest that these anxiety effects last only up to four months 146 following miscarriage (Geller, et al., 2004) . 147
Recently published research investigated the association between previous pregnancy 148 losses and adverse pregnancy outcomes in subsequent pregnancy (McCarthy, et al., 149 2013) . In this follow on study of a large prospective cohort of nulliparous women with 150 a singleton pregnancy, we investigated the association between spontaneous 151 miscarriage or termination of pregnancy and distress and behaviour in subsequent 152 pregnancy. We hypothesised that women with previous miscarriage or termination 153 would have higher levels of distress and would display altered behavioural responses 154 to pregnancy. 155
156
Methods 157 SCOPE (Screening for Pregnancy Endpoints) is a prospective, multicentre cohort 158 study with the main aim of developing screening tests to predict pre-eclampsia, small 159 for gestational age infants, and spontaneous preterm birth (North, et al., 2011) . 160
Methods are described in detail elsewhere (McCarthy, et al., 2013) . In brief, 161 participants were healthy nulliparous women with singleton pregnancies recruited 162 between November 2004 and January 2011 in Auckland, New Zealand, Adelaide, 163 Australia, Cork, Ireland, and Manchester, Leeds and London, United Kingdom. 164 Women were recruited at 15±1 weeks' gestation as previously described. (McCowan, 165 et al., 2009 , North, et al., 2011 Women were excluded if they were considered to be 166 at high risk of pre-eclampsia, small for gestational age babies, or spontaneous preterm 167 internet accessed central database with a complete audit trail (MedSciNet). 177
Participants were followed up prospectively, with pregnancy outcome data collected 178 by research midwives. Primary outcomes, reported at the 15±1 week and 20±1 week 179 interview, were anxious mood measured using the short form of the State Trait 180
Anxiety Index (STAI) (Marteau and Bekker, 1992) , how much stress the individual 181 feels they are currently experiencing measured using the Perceived Stress Scale (PSS) 182 (Cohen, et al., 1983) , depressed mood measured using the Edinburgh Postnatal 183
Depression Scale (EPDS) (Peindl, et al., 2004) outcome to have recognised cut-offs which relate to risk of depression (see Table 1 ) 195 and has been extensively studied during pregnancy as well as postnatally. (Austin, et 196 al., 2005 , Austin, et al., 2005 , Stewart, et al., 2013 smoking, alcohol consumption, ethnicity, body mass index (BMI), infant sex, marital 205 status and income. The models were further adjusted for any clustering effect of 206 SCOPE centres using the "cluster" option in Stata which specifies that the standard 207 errors allow for intragroup correlation, relaxing the usual requirement that the 208 observations be independent. That is, the observations are independent across centres 209 but not necessarily within groups. 210
Analyses were performed to assess the effect of previous miscarriages or terminations 211 of pregnancy on primary outcomes. This was done by generating a three-category 212 variable; 1) no previous miscarriage or termination; 2) one previous miscarriage or 213 termination and 3) 2 previous miscarriages or terminations. 214
Women who had previous terminations of pregnancy were excluded from the 215 miscarriage analyses. Similar women with previous miscarriages were excluded from 216 the termination of pregnancy analysis. All statistical analyses were performed in 217 STATA 10.0. 218
219

Results
220
Of the 5690 women who were recruited to the SCOPE study 5575 (98%) were 221 included in this study (Table II) . 4331 women (78%) had no history of miscarriage or 222 termination, 559 (10%) had one and 94 (2%) had two previous miscarriages. 415 (8%) 223 had one and 66 (1%) had two previous terminations of pregnancy. Women with 224 previous miscarriages or terminations tended to be older and more likely to be 225 overweight compared with those with no miscarriages or terminations (Table III) . 226
Women with one previous miscarriage had increased anxiety (adjusted mean 227 difference 1.85; 0.61, 3.09), stress (adjusted mean difference 0.76; 0.48, 1.03) and 228 depression (adjusted mean difference 0.62; 0.00, 1.23 and adjusted OR 1.26; 1.08, 229
1.45 for continuous and categorical scores respectively) scores at 15 weeks' gestation 230 (Table IV) . Behavioural response to pregnancy scores were not significantly different 231 (adjusted mean difference 2.03; -3.20, 7.27 and adjusted mean difference 1.25; -4.22, 232 6.73 for limiting/resting and all-or-nothing responses to pregnancy respectively). 233
Significant changes were also seen at 20 weeks' gestation in all of anxiety (adjusted 234 mean difference 1.15; 0.73, 1.56), stress (adjusted mean difference 0.62; 0.23, 1.01) 235 and depression (adjusted mean difference 0.44; 0.00, 0.88 and adjusted OR 1.13; 1.00, 236
for continuous and categorical scores respectively). 237
In women with two previous miscarriages significant changes were observed in 238 depression scores at 15 weeks gestation (adjusted OR 1.65; 1.01, 2.70) and in a 239 limiting/resting behavioural response to pregnancy score (adjusted mean difference 240 5.23; 0.71, 9.76). No differences were observed in women with two previous 241 miscarriages at 20 weeks gestation in any of the measured outcomes. 242
In contrast to women with previous miscarriages, women with previous terminations 243 did not display differences in anxiety scores compared to women with no previous 244 terminations. Stress and depression scores were however significantly different in 245 women with previous terminations. Stress scores were significantly elevated at 15 246 weeks gestation in women with both one (adjusted mean difference 0.65; 0.08, 1.23) 247
and two (adjusted mean difference 1.43; 0.00, 2.87) previous terminations (Table V) This study has demonstrated that previous pregnancy loss is associated with higher 260 levels of distress, perceived stress and unhelpful behaviours in subsequent pregnancy. 261
These changes are seen regardless of whether or not the pregnancy loss was a 262 previous miscarriage or termination. The magnitude of these effects appear to be 263 related to the number of previous pregnancy losses with higher losses associated with 264 higher observed differences in score variables. The observed differences in score 265 variables were generally higher at 15 weeks' gestation compared with 20 weeks 266 gestation suggesting that women may perceive the early pregnancy period as a higher 267 risk time. Women with previous miscarriages but not terminations also reported 268 significantly elevated anxiety scores, most likely a reflection of the unpredictability of 269 miscarriage and increased risk of recurrence in subsequent pregnancies. 270
There was also evidence that those with two, but not one, previous pregnancy losses 271 have more extreme behavioural responses to pregnancy. Women with either two 272 previous miscarriages or two terminations reported significantly higher levels of 273 limiting activity and resting in response to pregnancy at 15 weeks gestation. Those 274 with two terminations also reported an increased tendency to fluctuate between over 275 doing things and then needing prolonged periods of rest (all-or-nothing behaviours). 276
These differences in behavioural patterns were not evident at 20 weeks' gestation 277 suggesting that early pregnancy may be perceived to be a higher risk period resulting 278 in behavioural changes. It is possible that these behavioural responses relate to 279 obstetric advice given to women with previous miscarriage to rest, although there is 280 no evidence that these behaviours improve pregnancy outcomes. (Crowther, 2001, 281 McCall, et al., 2013) However, it is unlikely to explain the results for women with 282 previous terminations of pregnancy. 283
The strengths of our study are that detailed information about cognitive, behavioural 284 and emotional factors in pregnancy was collected prospectively and pregnancy 285 outcome data were available in more than 99% of participants. A limitation is the use 286 of self reported scales and questionnaires as indicators of depression etc rather than a 287 clinical diagnosis. Although we have reported significantly different scores in women 288 with previous pregnancy losses, the actual clinical effect of these differences remains 289 unclear and requires further research. The majority of pregnancy losses in this study 290 were early first trimester losses. Therefore, these findings may not be applicable to 291 later (second trimester) pregnancy losses. 292
In conclusion, there is evidence to suggest that women with previous pregnancy losses 293 display increased stress, anxiety (miscarriage only), depression scores and altered 294 behavioural responses to pregnancy. The magnitude of these effects was generally 295 (Peindl, et al., 2004) As a continuous measure (0-30), where a higher score indicates a higher probability of depression OR As a categorical variable with the following 3 categories a. EPDS <5: unlikely to experience depression post partum b. EPDS 5-9: increased risk of depression in the next year c. EPDS >9: very likely depressed Perceived Stress Scale (Cohen, et al., 1983) 0-40, with high scores representing higher perceived stress (feelings of lack of control) Behavioural Responses to Pregnancy (adapted from the Behavioural Response to Illness Questionnaire (Spence, et al., 2005) Recruited to study at 15±1 weeks (n=5690) Study population at 15±1 weeks (n=5628) Excluded due to previous ectopic pregnancy (n=53) Final study population at 15±1 weeks (n=5575) (13) 419 (10) 277 (50) 45 (8) 415 (74) 70 (13) 74 (13) 41 (44) 8 (9) 77(82) 6 (6) 11 (12) 0.03
206 (50) 46 (11) 295 (71) 68 (16) 52 (13) 33 (50) 8 (12) 30 (46) 16 (24) 20 (30) <0.001
Data are mean (SD) or number %. P values are for comparisons between the groups using student t-test or χ2 test, P<0.05. *Women in first pregnancies as reference group. **At 15±1 weeks ^TOP: Termination of pregnancy. Additional demographics available at (McCarthy, et al., 2013) . 
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